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Abstract This study evaluated the antioxidant activity and alcohol metabolism-modulating effects
of Diospyros kaki Thunb. cv. Fuyu aqueous extract using in vitro assays and ethanol-induced mouse
models. Four samples—aqueous extract of persimmon flesh (PF), aqueous extract of enzyme-treated
persimmon flesh (EPF), aqueous extract of persimmon peel (PP), and aqueous extract of enzyme-
treated persimmon peel (EPP)—were analyzed for total phenolic and tannin contents, 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activities, and alcohol-metabolizing enzyme activities. Among these, the flesh-based
extracts (PF and EPF) exhibited higher acetaldehyde dehydrogenase (ALDH) activity than the
peel-based extracts and were therefore selected as primary candidate materials. Subsequent HepG2
cell experiments showed that EPF improved cell viability and reduced ethanol-induced reactive
oxygen species (ROS) production more effectively than PF. In an acute ethanol-induced mouse model,
EPF also showed a stronger effect on lowering serum alcohol and acetaldehyde concentrations. Based
on these results, EPF was selected as the final candidate material for the chronic ethanol-induced
mouse study. In a chronic ethanol-induced model, EPF ameliorated serum markers of liver injury,
including aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase
(ALP), and attenuated mitochondrial oxidative stress by restoring membrane potential and increasing
ATP production. Finally, HPLC analysis confirmed protocatechuic acid as one of the detectable

phenolic compounds in the EPF fraction.

Keywords Diospyros kaki Thunb., alcohol metabolism, hepatoprotective effect, mitochondrial

function, oxidative stress

1. ME

[ —

20159 FU) 972 e A3 APIR} = 4,746 08 AW thy] 5.8% Z716tglon, o] 7k
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)

2018). {449 %9] M3 WA 87 HHOZ o]0l
Ak, 7S 9 7Rk 9 9IRS TN 7R 91
QIxt= ZF8-5}H(Manzo-Avalos?} Saavedra-Molina, 2010),
E9] ¢34 7HEg I =, 39 ojujof MRS E XY
2 9go] 23.3%°] o]2&= Ao HIETHYoo 5, 2024).
Ao e 4722 9t 2ANA E4d &, RS 5
o 2oz olgslnl, 90% okl TN TAEIkLai 5,
2024). o] ¥, YFZE AR N2 EAcl= g F
48 A (alcohol dehydrogenase, ADH)°|| Q]3] Ats}E]H, o]
T}golA nicotinamide adenine dinucleotide (NAD")7} NADHZ
A= HA ot EGHSlo]|ER A2t tH(Contreras-Zentella
5 2022). A3 opEYTslo| B 7 U nlEEE o] EA
Sl OoEYT|lo|E YrA-f A (acetaldehyde dehydrogenase,
ALDH)°| J3}| thA] 4t5}E|H, o] #}7go] 4] NAD 7} NADHZ
SHIEHA FE=A9] acetateZ HZHE THContreras-Zentella
5, 2022). TS, &¢I S ADH AH=ZE o= ulAA| oehE
AFS}HA| (microsomal  ethanol-oxidizing system, MEOS) %
catalase (CAT) FZE E3 tJAl=|w(Zakhari, 2006), E3] TF

= T &5 Al FE= MEOSY] 34 5491 cytochrome
P450 2E1 (CYP2El) #i7 thAk= oPAIELH|Sto|E 4w}
S| EAJAEAZ(reactive oxygen species, ROS) A& &7}
AA AgE AEHAE FEoks AR EIESIHLai 5,
2024). o]&gt A5} LF-E tiAkz NAD 9] S 16t
], NADH /42 571711, 7t Yl NADH/NAD" Bl&= 4
S A7tk Gao®} Bataller, 2011). NAD*= H|EZE|o} WY A
AR B-ASE oA Bl HAEA R AEStER,
NADH/NAD* H|&9] F7h= A4k ARLE A6k 7+ W A
A S8 S8k A2z AHA Uth(Gao2t Bataller, 2011).
S, 4FE At oA B EE oIEYHSolEE 15
EdE EREe 54 dAMEEEA A E] AHZ
&= ok, Alx W & 9 DNASE 3 ZRtoto]
acetaldehyde-protein adducts ¥ DNA adductsE FAsro =
W eI 73 8 54 94 A5)E A Ramadori
£, 2017). ol2f@ WSk slEECEole] 22E 9 75H &
A+0 2 o]ojA ROS A4l Z719} adenosine triphosphate (ATP)
A ZASE sy, nEET ol Yl ALDH 84 A5k=
Z3 ARHAQl 75 AoNE Zste AoE HuHU
(Manzo-Avalos2} Saavedra-Molina, 2010). 0|9} T &of, &3
2 A} FoA BAEE ROSE 7F &419] FQ ¥9l ox}
2 Zr8351tHRamadori 5, 2017). £3] CYP2E1S NADPHE
AAZIAR o] 8ok AIETF P450 AQQ] A8t GARA, &
2} AAE EASIslo] 714 9] AESHE: Zfi$ttH(Contreras-Zentella
5. 2022), ek &) 24 % A0 A3} 71 A} kg
of ARGEA] B AtAaE AF AEE 7%, superoxide (Oy)
9 hydrogen peroxide (H,0,)2} -2 ROSE AJAJoH= Z1oz2

730

B 11 E]}ItH(Contreras-Zentella 5, 2022). T3t ¢Z-& tjA
ol A NAD7F &0} F715t NADH= WEZEe0
AAGA A A o] E4FS 2 ste] ROS B4
A5} (Zakhari, 2006), =354 BAE ROSE FAkSH HE
AAE z3Fsto] Ao} AEHAS Fdstal, @eld, 2d 9
DNA 5 F8 A 74 840 &2 45 35382 & n&E
Ztdo} 7|5 At 9 £33 &4 ZHth(Lai 5, 2024).
SHH, 7R A7t AA8] E4JE]0] 7159 A Ftol At
HEge 27]0oe F3E I S40] UEAl ¢ B9t
Hol 27] d& 9 Xcho] oj LB & ool F8/40] ZFxH
Ch(Battle, 2025). ofof] we}, 7t &4 A3folal 4s AE
A5 AL 5 e A ARF AlFel tigk A7 &ds] A
=1 YrHKim 5, 2016; Lee 5, 2023).

ZH(Diospyros kaki Thunb.)2 ZUEo]| &ol= YAA I
T, SYUE v S5 P& 5 B0 A|FolA 2
2] Aui== thEA Q1 Zdolth(Yoo 5, 2019). 7 duile &
s, St eo|E 9 gl 22 toet g AEe
SOkl Qlof BHikE 9 S BTE YEhfl= ZloE Bl
= QUH(Yaqub 5, 2016). APAol| B=H 7 Ff E2ul=
< YIE YA 54 SAQ] ot EL TS| EE AIAT
O 2} o EQtsto|Eof o5 {EE DNA &5 A3}
ol= ZS 7 HI1E QO M (Matsuzaki 5, 2022), o]= o] &
FEE QIR 54 9 7t S A3 5 e 758 AR
A9 7hs/dE AlARRHT o, THY ofletE AR RrEHe
7k &4l itk Bo ael #heste] gojuy iURE HIE
g g AE FEEY 352 HuE &6 AE Yot
(Niiya 5, 2024; Wang <5, 2016). ¥F9, 2 53 2749 3%,
AEA] HehE F550] e §% HepG2 A|lE ZHojA] B
3 835 YEhditk: A7 B v QLo (Hong 5, 2021),
o 54 39| 22BL WO T AE 52 vino) B}
of 2ol HHA St} Wb & f AE L83 vheA
29 73] 9 oA 2 7 55wl e B B
7he Ao AlREQl 7ot Pectinase A= & £
e T g aA0) A SUE 24 D s 2ol
GFE = 4 Y= J1F WPOR BTF] JekChen 5,
2023). Liu 5(2018)2 7 949l A% TYoNA pectinaseS
el 27k Fa W4 SEEI B B0l SIS
HPLC 248 E3f| phenolic profileQ] WIS &QIsltta X
5k3iTt. o]’ AP A= pectinase A 27F 7 [ 249
ME A& 248 Ee &5 40 92 € & e AARRE
t}. o]o] & AtoA= &t I & FEE(persimmon flesh,
PF), &7 I8 G448 FEE(enzyme-treated persimmon
flesh, EPF), &7 1}1] & Z&E(persimmon peel, PP) &
# 79 §4%2] FEE(enzyme-treated persimmon peel,
EPP)9] qMits}t &4, d3g At B a4 E4HE in vinro
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FEoA FEH R HIsieith o]% ALDH 84 B7+E &
3 &7t 78 7)HE B 2EE(PF 9 EPF)2 13 $H 442
At om, HepG2 A2 S &3 9 34 e+ f& ot
QA Y A £35t0] EPFE & $H A2 AA59]
o} Yo7t 2E A7E EPFE Ao R 1M ofghE Rk vt
A 2P 8ot gt AFHE g 7 &4l digt
B3 gyie m®rslust shoh

2. Mz ¥ Y

2.1. Mz Z A/ef

E ATLo]] AREH A|2FO. & Folin-Ciocalteu’s phenol reagent,
sodium carbonate, polyvinylpolypyrrolidone (PVPP), gallic
acid, tannic acid, 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), sodium chloride, potassium phosphate,
potassium persulfate, 1,1-diphenyl-2-picrylhydrazyl (DPPH),
methanol (MeOH), ascorbic acid, B-nicotinamide adenine
dinucleotide (NAD), ethanol, tris base, ADH, acetaldehyde,
2-mercaptoethanol, potassium chloride (KCl), ALDH, penicillin,
streptomycin, essential medium (MEM),
dichlorodihydrofluorescein diacetate (DCF-DA), 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO), formalin, Oil Red O solution, mannitol,

sucrose, bovine serum albumin (BSA), HEPES, digitonin,

minimum

ethylene glycol-bis (B-aminoethyl ether)-N,N,N',N'-tetraacetic
acid (EGTA), bradford reagent, potassium dihydrogen
phosphate, malate, pyruvate, 5,5',6,6'-Tetrachloro-1,1',3,3'-
tetraethylbenzimidazolylcarbocyanine iodide (JC-1)+= Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA)oJA F+¢Ja}%ith.
ethanol assay kit @ acetaldehyde assay kit= Megazyme
(Bray, Wicklow, Ireland)oflA] F-]5}1.9™, ATP bioluminescence
assay kits= Promega (ENLI"IEN® ATP assay system, Madison,
WI, USA)o|A 75Tt ESH, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), y-glutamyl transferase (GGT) DRI-CHEM SLIDE+=
FUJIFILM Corporation (Tokyo, Japan)o|A] +J3}9itt. 1 9
AREE Gl E AR BE 1 ol SHEe ARSI

2.2. #8589 HZ

7ol AR2H PF, EPF, PP ¥ EPPE ZATHE 494
oRAS] A Aol A1 ZF st e S ASARI(F)
o2 RE AFuor AgatArt. AT 2EE9 Ax T4
2 923 2o B E59 S (Diospyros kaki Thunb. cv.
Fuyny® T3 3518 27 Bejste] dmE A8sHgom,

https://www.ekosfop.or.kr

A& 100 gofl A 1,000 mLE FH71E & 223 540
Hz) 402 SSCollA SATE 9t FEelelek

o B 0 9 maAY 3EE0 AZE Hsil
pectinase &4J°] 1,200,000 U/g ©]A}2] Plantase C150P (Bision
Biochem Co., Ltd., Seoul, Korea)5 Aol S4XEE
23] Plantase C150P 1.3 g& £5< 35 mLo| &3t &, &3t
W5 FE= 650 g B | FEE 650 gofl H7Iste] tLst
A £ttt o]F 50°CE FAIE Ao H A 3A7F
ot E714 27 stofl BEAFTE aaA e 3789 AR
Hs7] Yol 84 T, 2a JA7FE B 2k, §H Al
S 20 e AR oA FLsHA fAskSI ®HEol
455 FE2NL AF5=7|(N-N series, Eyela Co, Tokyo,
Japan)yE ©]-&sto] 553 &, 547X 7](FDU-8612, Operon
Co, Ltd, Gimpo, Korea)g ArEolo] FAAZXSIL. AxH
AlE= -20°Co A Byt Ao ARE-sH3ITh

ol

0

Sy o
wE ok offl

O

Foleg SIS TREE 28] 99 A2 52 1 mLo]
3z 254 9 mLE 75k &8st & Folin-Ciocalteu’s
phenol reagent 1 mLE H7}5ta] 4204 5E7F vFSAATH
1%, % NaxCO: 891 10 mLE 2712 BRI, 33 SR
£ o|gslo] E BuE 25 mLE A8 T, 23°Cof|A] 2417t
5 HRSAIAT ¥R &, 760 nmolA FFE(UV-1800,
Shimadzu, Tokyo, Japan)E& =435} 9™, gallic acid &
A o]&ste] FHlEA IdE T2 ARSI

FeHd TR 2497] 919 PVPPE 2R40) 8% 7,
A& 0.5 mLe} E3519itt. o] %, Z3HH-S 3,000 xgol|l A 105
ZF 4°C 2708 YRS F, A5HS Foto] JulsA o
$E WY 247 5T Yoz BAY ofF, wmic
acid EERAE o}g3to] FEh Pere Agelglon], Aok
tannic acid equivalents (mg TAE/g)& ZHAFsto] LYeERH ST

24. ABTS 2 DPPH 2fCjzZt A7 2ty =&

ABTS 2tz &7 842 7671 918 7 mM ABTS2t
2.45 mM potassium persulfateS 150 mM sodium chloride”}
I3 100 mM potassium phosphate buffer (pH 7.4)0] -8-3)
sto] T &, 68°CE HAE water bathoflA H-SAA
ABTS 2tz 842 A|L£ok3it). Al=E ABTS 2z &9
= A20NA YZsto] 045 um EE AI7E &, 24417 FF
4°Cof|A] B35ttt o], %7} 734 nmojA] 0.70 + 0.02
7} &% 5]45to] ABTS HH-892 £AI5HL, Al=89 20
uLE H7iote] &3t 3, 37°Co|A 1087 9hgA71 o2, &
L (UV-1601, Shimadzu)E 734 nmoj|A =45}t

DPPH 2tz &7 842 B7I5H7] A3 80% MeOHO]
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0.1 mM DPPHE &3fj5}0] 517 nmo|A] S4%7} 1.00 + 0.02
7} B2 245 &, DPPH &9 1,450 uLe A|&-89 50 uL
£ Egoto] Y Aot AHolA 3027t BREAIFH o],
B (UV-1601, Shimadzu)E 517 nmoj|4] &A1}

2.5. ADH % ALDH &4 &}

ADH (alcohol dehydrogenase from saccharomyces cerevisiae,
Sigma-Aldrich Chemical Co.)84 848 &%317] 5] A&
50 pLoj 20 mM NAD 100 uL, 282 400 pL, 1 M tris
buffer (pH 8.8) 300 uL & 0.2 M ethanol 100 uLg &35t
T, 25°Co A 1087F ¥ESAIZ . o] %, Bg-Hof 5 units/mL
ADH 50 pLE #7138t H, 340 nmol|A ST (Epoch 2,
BioTek Instruments, Winooski, VT, USAYE =4 35}%}.

ALDH (aldehyde dehydrogenase, potassium-activated from
yeast, Sigma-Aldrich Chemical Co.)a4 &4 &3517] 9
& A& 30 uLoj 20 mM NAD 200 pL, 282 400 uL, 1 M
tris buffer (pH 8.0) 80 uL, 0.1 M acetaldehyde 20 pL, 3 M
KCI 20 uL, 0.33 M 2-mercaptoethanol 20 uLE &35t &,
25°Co| A 10827 WRGAIFTE o]F, ¥RgHo| 1 units/mL
ALDH 50 pLE J7pste] ¥HEAIZ] §, 340 nmofA &3
(Epoch 2, BioTek Instruments)E& =745}t

2.6. ME HfSf

2 AFolA= QA% 7F 2 A0 [ HepG2 Al ZFE A
8ot om, kA3~ 28)(Korean Cell Line Bank, KCLB-
88065, Seoul, Korea)of|A] EOoFIQITt HepG2 AlELE= 10%
FBS%} 50 units/mL penicillin & 100 pg/mL streptomycin©|
E3EH MEM iR E ARESH] 37°C, 5% CO, AL 8ij%F
shsick.

2.7. HepG2 MIE Lff Aef AEZIA 2 HS gif =X

et Mol W2 HepG2 HE9] PYE& W3S Brish]
A3 MTT assayS AAISICE Al ZE 96-well plateo] 1 x
10* cells/wello] HEZ BF3F &, 37°C, 5% CO, ZA)A]
24A17F < B FBkGAT). HiF &, Al=E 30 ul A2 o,
ot A2 B AlE AP 34t &, HF 5% 500 mM
o HEE oS 10 uL HeJsto] 24417k ¥EAIZTE. ol %,
10 uM MTT €94 10 pLE Z} wellof| A7}51a1 37°C, 5% CO;
Z290A4 3A17 B HEGAIA HEEE ol aa B4dof ofs
formazan©] B/J=| =% St3{rh. o|F, DMSOE H7iste] 44
& formazang &3A1Z] &, 570 nmE &4 IO =E slaL
655 nmE 7| 3gor AAsto] mlo]azEYo|E 7]
(Epoch 2, BioTek Instruments)S ©]-83] S4=E =451
o 248 AZ AELL fEPE TIE0R MRS B

732

R¥stol e s

HepG2 A|ZOIA] ofhe Helo] B A% i Alsh A=
A 53 #RI5H] 93| DCF-DA assayS AA|5HCh A2
£ 96-well black plated]] 1 x 10* cells/wello] EEE E335}19]
o}, o], 37°C, 5% CO, £ZA 24Xt v &, Al2E 40
uLE APstglon, ogkZ A2 A AlE AP A%
Z, & 5% 500 mMO] EEE ofehZZ 20 pL AZ{sto] 24
A2k B HAAZIT, O1F, 50 WM DCF-DA 89 40 yLE
7} wello]l F7F8kL 37°C, 5% CO, 20| A 5087 WA 7
th. o]%, of7] uH 485 nme} W= 3 535 nmof| A FFF
I A(Infinite F200, Tecan, Mannedorf, Switzerland)S ©]-85
of PF FrE S SHE Y e HxIZ 7S
o8 WMEZ(%)E FHilste] Aet AEHA B +=5& BVt
Skttt 2 AolA MTT 9 DCF-DA assayofl -85t 500
mM ethanol 55X+ HepG2 A|ZoA ©&7]|7F Y Ats AEH]
A Y AR &S fEol] At 34 &4 20 r dAs)
AHXu 5, 2022). E3F AL v 5 ethanol F&o] TE &
T YIS AL Yol ethanol A A% plates sealing
filmC & WEst o, vk 5 plate 7 A7 2456151
(Xu 5, 2022).

2.8. HepG2 ME XE=E & i g2if =

HepG2 A|ZoA ofetE A2 F=d AIZ W Ad 54
oA aE B7kst7] 9ol Oil Red O FAHS PRIt
AlZ= 24-well plated] 1 x 10° cells/wello] HE2 B35 5
37°C, 5% CO, 27004 24A17F F1t v FstRiTt. vl =, vy
A5 AAsLL, e HF FE7} 150 mMo] EE 5 ofgt
=3 A&7 71 MEM A& iAsko] 57 Higetl e
o, HiA = Y FUe 279 viX 2 A ST Y S5
3 PBSE A|AH5HI 10% formalin®.2 Alo]|A] 147} 1145}
At 14 T, SFTE AlFsto] 2o] formaling A AT o
2., isopropanolof| 0.5% 5= 2 &3fI3t Oil Red O £ =2
T} 6:4 HEE 3]A45k0] Z} wello] Z2|stal A4 30%&
7 Metth M T, SRSE AT F, 9NE AZE
1|7 (CKX41, Olympus, Tokyo, Japan)& ARg-sto] <t
21092 EAZ20x)E ©]-&3]F F 200x Hj&ol| A &5t
Act. olF, AZ W AFo] ALH Oil Red O 100%
isopropanolZ £-ZA]# 500 nmo)| A EZ = (Epoch 2, BioTek

Instruments)S =75}t

N
e ©

54 2 Py oElE 25 0124 £
Ao AFLE AFEEL 4280] C57BL/6 2A 1l
, M55 TFAAQ Koatech (Pyeongtaek, Korea)of| A1
Shath dd A 7979 &4 A3 VI AR F 2k

4P
o
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22 £ 2°CY} H& 50-55%% A HE F -
A7 Wk 712 A5t ARttt 34
2 BHg 087 43 A4 &5 WloH ABEES B2
WHE B Sulely & 47} 2o BESit. AT 3
A} B Z2FH(NC, drinking water), o8& Foii-(Ethanol, 25%
ethanol 5 g/kg of body weight), &7+ % &5 100 mg/kg
Eo(PF100, PF 100 mg/kg of body weight) 2 T 15
448 &5 100 mg/kg £ (EPF100, EPF 100 mg/kg
of body weigh© 2 FESI05, 4g7]k0] BY ¥, B4t
QAL ASe BE AHLO| 25% oJH2(s ghg of body
weighty TH8] ZTEolstsich

WA ORHE . 7 44} 19 BHOlN AERS 51
9 WS B9 7o & 4 2og BRI AuRe
AA; | ZE(NC, drinking water), Of|8H2 Eof4(Ethanol, 25%
ethanol 5 g/kg of body weight), & & a4 F&&
Eo4(EPF100 ¥ EPF200, EPF 100 ¥ 200 mg/kg of body
weight) O 2 &5t 7U%ke] 84 AG 7 T &, 4
A 223 oeE Foliolls A4E, AR Folddle AR
£ A7 T3t o] % 30&0] At H, B4 xa-E A
9t BE AT 25% oflghEE 5 g/kg of body weight®]
geko2 857 )Y AT Foisiolth. B AT 4ARY
sty 55384199 Y3](Institutional Animal Care and Use
Committee, TACUC)2] 5?1 o} =35} Aeh(73/d=dhstal
SEA3] $0WT: GNU-250717-M0164, 591 2025.07.17).

ol
odk

5 2704 12
Q O

H
e S o

)

2.10. 54 0Elz & OfR2A 220N g5 27
= 2 OMEZH5/0/lE 52 FE

T4 oeE FE vheA B9 EF 4FZ 4 oA EYT|
Sto|E e ZAS o A txa ogs Fojdol= 4
$E, AR FojFoE 74 ARE ATFASAT. T 308
7, B RS AL BE Aol 25% oeEE 5 gkg
of body weight %02 T3] HLFASIIT) 25% oS
Fo] 3, 08, 308, 602, 902 9 120&0] A3t A]-Hof A
A5E0] Hoff o)A AfIstlon, 3T A 10,000
xgoll Al 1087 PAlEEste] S Eestqlet. Hojd 2%
Y &FL 9 o ELHSlo|E FE &% ethanol assay kit
@} acetaldehyde assay kitE ARg-5lo] ufo] 3 2EH0|E 2|t
7](Epoch 2, BioTek Instruments)E 0]-&3}0] 340 nmof|A] &
BrE A

T E3E 4 oM EYH|SHo|E 5o A7l ThE ®
2 a0z vms] 98] 0-1208 $99] BEAzE 24
9] M A (area under the curve, AUC)S A% A} & (linear
trapezoidal method)& ©]-8-6t0] 4Ah&otqitt. ZF +7k9] AUC
AT T 24 A FERS 9T F 22 T, o)
of g Azt 2HAE Foto] AAbslon, MA| AUCE 2t +

o

rir
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ZH AUCS] o8 AT,

2.11. BHY OIEKS SE O}2A DHUA HE Haf ¥
s 7+ 53 =5

AgEEe AFS 4Y /% £% F 13 IS A
o Zgstel A WskE Fsteich 4

RAZE AANT B 7He AEsio] RAE 24519
%L 7} 0k920] AF Aols BAH] Uof HE A
o ofgt AFth 7t F(% body weight)O.E ST,

o =

2.12. BHY OJEt2 & OfRA ZEoA ZPI5 223 Y
3/t AHE FE

857t et 4jo] Roj7t FaE ¥, AHFES EoiyY
oA EHE AHstTt AFT AL 10,000 xgof Al 1087
YrlEEstel @4 Best &, @4 S EAcke AST,
ALT, ALP 2 GGTY] B2 &% A5 EA7|(DRI-CHEM
4000i, FUJIFILM, Tokyo, Japan)S o]-&3}0] =43}9ic}.

2.13. BHY ofEtE 2T O0f2A ZEofA O0/EZEE/0f
25 gaf g0/

VEZEol 252 vhea 7k 22 sH) $39) | mM
EGTAE 3-f-5l= n|EZ=g|ol £8](mitochondria isolation,
MI) 259 [215 mM mannitol, 75 mM sucrose, 0.1% BSA,
20 mM HEPES (pH 7.2)]°] @=3t H, o&3}ste] 4513
ok A A AR B2 Ao} Fg A ASH] fI3h 1,300
xgol Al 583t 4°C 20 ® YUY F, F5HE F5s)
o] 13,000 xgo A 1027t 4°C 270 & AMEF S o<,
synaptosome A4S 9I3) AU AAS T dL vjEEE
o} pelletS 0.1% digitoning Eg5H= MI 453} 51610
SEZF WS AL W 5, BR8] | mM EGTAS %3
SF MI &AL 715 5, 13,000 xgol| A 1587k 4°C ZA0
2 QaRsgon], AENE AATT L pellet M1 &
Zo 07 AFESI] 10,000 xgo| A 1087 4°C A0 Z &
ABAFHATE. oIF, A5 AAT HF pellerd MI 450
of detotgior, @A 5= Bradford assayE °©]-851%]
Sttt

EZE oA 9] ROS A4 &2 WEZEHCL &
E< KCl-based respiration buffer (125 mM KCIl, 2 mM
potassium dihydrogen phosphate, 20 mM HEPES, 1 mM
magnesium chloride, 0.5 mM EGTA, 2.5 mM malate ¥ 5
mM pyruvate)@} £33t H, 25 uM DCF-DAE 37I510] 2082
7 RS AIZT 0|, o17] W 485 nme} W& W 535 nm
oA PBZ %A (Infinite F200, Tecan)S AM&3to] Y 7=

£ 23
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uEZt ol 4hd )(mitochondrial membrane potential,
MMP)= #2148 PEZEZol 255 5 mM pyruvate?} 5
mM malate”} E3H MI 450 HEE & 1 uM JC-1&
Holelo] TS, 0%, W-S-BoS Ao 2087 3
g, 3 %%Eﬁ](lnﬁmte F200, Tecan)Z AR2-5}o] of7] o4
530 nm 9 ¥E 14 590 nmo)|A B AT E A5Gk
2 HolAe ASd ARlY 34 2712 1Hste], JC-1
J-aggregate F4J0] 93 YEF;= 590 nmQ] red fluorescence
intensityS ZA3t0 24 n]EZCgo} ubA 9] HWslE Brte}
AthLee =, 2023).

ATP 3352 ATP bioluminescence assay kits ARg-5F0] A|
2A19] protocole] W 2ottt HERCEol F2BL
luciferase®] 2J3] ZjE+= luciferin®] Ats} Hh-3-of A WAy o}
L HEUY A5S olgstel HYTIgon, ATP YL EE
I4de ol8sto] ALkt -, nM/mg of protein© 2 LERLH Y.

214, M2/EN SE A

EPFO] Z3tH 8 JES US 58502 F&Eo17| 95
FEES AT H1] 300 mLE L83 §, 5L F19 ethyl
acetates “47}0}04 | 283 3519t o]

acetate =2 3]45lo] 7Y =35 H, =24 E3)] |
£ e Aiskaon, ol RS ol Auel AHgs

Wtk EPF 2359 9 A& & AT &4 high
performance liquid chromatography (HPLC)E 0]} 43
sttt £4 AH|2= HPLC A]AE|(Ultimate 3000 series,
Dionex, Sunnyvale, CA, USA)Z AME351310H, C18 (250 x
4.6 mm, 5 pm; YMC-Triart, YMC Korea, Seongnam, Korea)
ZAgZ o]-&3ISit AlEe 1 mgml =2 50% MeOHO| &
1 %, 045 um W2 ojatelol 240 A8l o154
2 0.1% formic acid’} H7}d SF4(A)2 0.1% formic acid
7} A7bEl MeOH (B) 2AHZ 5-10% B (0-5 min), 10-50%
B (5-35 min), 50-60% B (35-40 min), 60-90% (40-42 min),
90-5% B (42-45 min)2.& AA5lo] & 45871 A5 A
2 FUFE 10 uL, o]=54Y 5452 1.0 mL/minC 2 4A5}
¥l HEL diode array detector (DAD)E 0]-€5}9 254 nm

oA SRt AFEAS A5 ERELS 69 BEE
s 43tel 29} SAG ZANH BASNGOH, dojd 9
B8 /102 388 it ofF el 529
4 s AFRA] chslol Melzy B0 BES AN
stk

2.15. &7 24
HE A3 A7l urE AYS Ed) dL kS Hi + 2
HX}(mean =+ standard deviation, SD)Z YEM ST} 54 A4
o %A] Shapiro-Wilk testE 0]-835f0o] AL EQIsHAIT

734

o] UYEAHLA(one-way analysis of variance, ANOVA)

S H4A O Duncan’s multiple range testS

Pt Aol HE = T figure legendof] BA| o}oﬁ
n}. ] EZC o} 7|5 B4(ROS, MMP, ATP; n = 5)9] 7
ArE #E & SRR, 3T A= 75H uﬂ7}
1=0yd

Agleta 2 # 9 3 BEXAYESHA F3et 3 3o r
sfAletlct. BAE K982 p < 0.05 24 AFIIUL
o, A w40l SAS AXE go](version 9.4, SAS Institute

Inc., Cary, NC, USA)S o]-&3s}9tt.

H

le

2t A 0F

3.1. PF, EPF, PP 2 EPPY in vitro SAtet 24

PF, EPF, PP 2 EPP9] g}ils) &AL 2H=4 SIgHE o
Z, 4 k< 9 ABTS, DPPH Sz &7 842 45t
of H7lskith(Table 1). S84 3kd= &% 34 24}, PF
o} EPFY] H $kC 747 64.97 I 64.56 mg GAE/gO.E
T AT ol 7oA AfolE UEhliA] gttt B, PP}
EPPY| FHE4 SRtE 2 27 7254 3 83.72 mg
GAEgo.2 foj2jel Aolg Uehfoint. Fed g 2% 2
3}, PF9} EPFE 7}7F 58.98 1 53.98 mg TAE/gO.8 & A3
2 709] $2J5jel 2| LepA] gkoLy, pp} EPPO)
B R 717} 43.98 9 22.32 mg TAE/gO.R 9-0]22l
ol2 UEigict. ABTS 2teiz 47 B4 B4 A3, W4 o
2O A3} vitamin C2] IC502 0.0529 mg/mLE LEFE
om, PF, EPF, PP ¥ EPPY] ICs 217} 53.55, 54.31, 56.26,
2 52.64 mg/mLE SRIF k. DPPH 2z 474 &4 &4
A3, A gFxFEOo=ZE ARRSE vitamin C9 ICsS 0.109
mg/mLE UERFOn, PE, EPF, PP 2 EPPY| ICspS 27tz
59.15, 56.19, 130.94 ¥ 263.38 mg/mLZ 1=t 534
o7, &4 eRkE TS EPPIA 7MY =A UEoH,
ABTS 2z &7 &4 T35 EPPOA] 7H B2 ICs) AEFS
Hol g Az v & 4S5 HEige v, S8d
FFE S I ¥ & FEE(PF 9 EPHOIA ATiF oz
A UeHRaL, BujoAs aaAE & Fachs P 2
th. DPPH #HZ &7 4L 35 {3 & F5=2(°F 4
EPF)oA] 3] A|RHTE 22 ICs g5 YEHlo] Adizos
Lo 34 Horh

ol Eelsls, Eehuicols 9 S E Tl o]
4] 53H20] HEIo] 9LOTDireito 5, 2021), o1 SL
% 280 298 #4710 B 4 27 e 1
Bolgto 2 ARt e 271510 Aksh Q4 WeS
Sk S S LERITK Yaaub 5, 2016), 53] ol
gallic acid, protocatechuic acid catechin & epicatechin®} Z-

2 flavan-3-ol A¥E 3E0] F9 Hl=4 SRIEZ EAot=

Y o»n

FUIH.! o2
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Table 1. Antioxidant activity of aqueous extracts of persimmon flesh (PF), enzyme-treated persimmon flesh (EPF), persimmon peel

(PP) and enzyme-treated persimmon peel (EPP)

TPC" TTC? ABTS? DPPH"
PF 64.97 + 4.88° 58.98 + 3.79° 53.55 + 3.58° 59.15 + 0.57°
EPF 64.56 + 3.19° 53.98 + 2.31° 5431 + 4.48 56.19 + 0.86°
PP 72.54 + 5.61° 4398 + 2.75° 56.26 + 5.04" 130.94 + 2.07*
EPP 83.72 + 5.58° 2232 + 7.07° 52.64 + 431° 263.38 + 87.71°

Vitamin C* -

0.0529 + 0.0003° 0.109 + 0.003¢

DTPC, total phenolic content.

ITTC, total tannin content.

JABTS, ABTS radical scavenging activity.
YDPPH, DPPH radical scavenging activity.
SVitamin C was used as the positive control.

Results of TPC and TTC are presented as mg of GAE/g and mg of TAE/g, respectively, and results of ABTS and DPPH are presented as ICsy value
(mg/mL). All values are mean + SD (n = 3). Means with different superscript letters (*“) in the same column are significantly different at p < 0.05

by Duncan’s multiple range test.

Ao g HIEQOH(Yaqub 5, 2016), o]HT JEEZ A
ez 27 0 34 ole PAoEd SAS Bol 4T
ROS 47 B4E YL A0 2R oKL 5, 2023)
AT HE L A BT o EvbEsh £ O 3}
A3} Blwste] w2 20 FTHEA E FEFE UHd=
Ao =7 HI% H} Qloj(Direito 5, 2021; Gorinstein 5, 2001),
ol YA 442 BB UL AT ET, o
HAFoNA IRt o= yu] FO7} s RRHT Ao
2 =2 ¥4 s S UHiis 2eE HuEglon
(Li 5, 2011), Jo 5(2010)9] A4 = 7o Tuj7} ThgH ot
2 W e UehfE A0 slEo] B A Avet I
Ao %S BT B8, B el qEAe W o
224] ABTS U DPPH AR 212 47 B4+ G989l 4
AE Uetlle 202 HIESItKLI &, 2011). AFAT
T2 oA 23 ©d2 g A EA0A sk g&
Hoz PAs Bo| Z/RKE Aoz Huslol, Slo] PAI
s S0 PR Aol S AlARIHK(Shin 5, 2014). &
Aol 91t ARE thIO +3% DPPH U2 47 B
23}, e 9ol %L AlRolH A0 $5% DPPH
gtz A7 g/go] WEE I oSt Ayt Tt PAst
Dol o] ' A& 5ol 71013E 7S AlARH.

3.2. ADH % ALDH =& &Jf

W7t 29| ADH @4 2% AFig. 1A), PF, EPF, PP
4 EPPE= HE AF] FE(1,000-3,000 pg/mL)oA ofRT-
(100%)} ¥]@5}o] 40129l 2ol k)] eioteh. ALDH
4 2% ZAvHFig. 1B), 1,000 pgmL H2 SEA P,
EPF, PP ¥ EPP= 717} 131.53%, 119.82%, 102.70% 9
108.56%2] E4e UERRIT. 2,000 pgmLolAL 77

https://www.ekosfop.or.kr

172.97%, 172.07%, 124.75% 2 129.73%, 3,000 pg/mLojA]
L 7}7} 188.29%, 183.33%, 150.90% 2 138.74%= LFebytch.
HE AEA AY 57t 37HE4E ALDH 40| §94
o7 F7lle 5% 94 A Uerdlth £3] 1,000-3,000
ug/mL 5 Heo|A & 75 7|9t & F2E(PF ¥ EPFZ
ot ) )6l B 2ZE(PP 2 EPP) tiu] {00 g Z7}5
ALDH 242 UeRJIQla, 2,000-3,000 pg/mL 5% H o)Al
£ PFS} EPF 7t §-9 &<l Ajoli= #=]A] Ugiet. oj2fet 4
= @3 A7 ADH 4 F7HET= o% AL ©AQl
ALDH 4 24& 33f| o ELHsto|E thAte] Hofdd 7}
8= AARH, 9 B R B FEECA g1d
ALDH &4 ot ELdslol= giAl & /4L 3t 7|5
3 2ARA QA S8 Ths S AT ool whet Tt
I 7|8 & FEE(PF 2 EPFy2 €324 Vs A
SR 12 FH A& A6t oH, o] HepG2 A4 9]
Az o a5 B7ksh7] 918 MTT % DCF-DA #4& &
otk

IS AH 7, AlolA FG== oK ELHstolEx vt
S0 w2 54 E4=2A oA 9 DNASH ZAgsto] Alx

[e)

S 6L At AEFAS FTMA 1t 7 Aske 2
A Et ofet £3HE f¥shs £8 d9 22E g9A
Qlth(Ramadori 5, 2017). 3= 5, o4, #&, 4AL 92
& 4 QAR 715 At T oIS AAA 9 AR S
hshH, o]t S Al ot Edd|sto| =] H2ut 1

3t #-o] Uth(Niiya 5, 2024). WA o EL TS| =5
£517] acetate® HPA7]= HHL GTH 7H &Y 2 &
H /9] Astol] glo] Fadt Ho] 7|HoR Z-8SHH(Niiya
, 2024). o] 2|3t A} 2 9] HA A= ALDHO|™, ALDH
o] Z7IERE o EYTsto| =] Ay &4 aztyo

o o

iy

il
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Fig. 1. In vitro alcohol dehydrogenase (ADH) (A) and acetaldehyde dehydrogenase (ALDH) (B) activities of aqueous extracts of
persimmon flesh (PF), enzyme-treated persimmon flesh (EPF), persimmon peel (PP), and enzyme-treated persimmon peel (EPP). All
values are mean = SD (n = 3). Different superscript letters (*) on the bars indicate significant differences at p < 0.05 by Duncan’s
multiple range test. NS indicates no significant difference among groups.

Stk Mol A
Bt 59 217
2 A49l aldehyde

2 oSl B4 F DS T
o= {FsHA A-&3tth(Lai 5, 2024). 1
3= o ELHSIo|EE Eofish=
dehydrogenase 2 (ALDH2)2] &4Jo] W2 {44 EAFE 717
= 0% HiEo| glom, o|d wE} dFE AF Al otHE
dHsto|E F2o] F7Isto] 45 ¥ IS T Ao HE
FloFet Aoz A=A o7t 87 H (Yoo 5, 2024). Liu 5
(2022)9] H7to] W=, protocatechuic acids= TREA ZHA| 3
24 (Hepalclc7)olA] ALDH AL 5 E&F 07 Z7}A
7l Ao HIEh ¥, Slo|=EAV|E 2R Y=
benzoic acidl} A|HZE Edled ARE LR E ZH= hexanoic
acid= ALDH 2/ 2149l 3= m|AA] o, #H=4 st
o|EEAY|E E¥oh= T&7F ALDH &4 F7to] dHA o
E B 7ol AARE It (Liu 5, 2022). o] 23t Ak
protocatechuic acid 5°] ZASE ZE3 tEo] AE 4
ALDHO] 2/4Z& S7HA ot ELH|sto| =9 tiAtE X139t
O 2H FFZ A A 714D 7he e AAREE ol Rt
W&o A 4ol protocatechuic acid’} 2 HuA ==
B0} 9loj(Yaqub 5, 2016), £ ALo]A] gHolE ALDH
24 371 335 Aol 247 2 & Stk

3.3. HepG2 ME Lf Aaf AEC|A 2 HS g

PFS} EPF] (M H% ATHs HepG2 AIZOIA ojehea
SEd 48k AEEA RS olgslo] BuksIgon, 1 AT
£ Fig. 20] YER it ot HefstA] b 274 PF

736

o} EPFE T A|2|3F HepG2 Al29] J&E&-2 Fig. S19] Y
ERfQIL oete 2 fEd Alst AEHA 2 A HepG2 Al
EO] WYEES B7ISE AI(Fig. 2A), A4 tHE7(100.00%)
tfu] oEhE Ao A 44.71%E FAHA ZAstAt. 814
ok, PFQ] 50, 100, 200 ¥ 500 pg/mL H@|Zo|As Zzt
4533, 45.41, 49.79 I 49.89%9] A|E F=LLS YERfO
™, PF 50 4 100 pg/mL Ao A= olehE A2y} 59
9l A}olE YepiA] gkt HH, EPFE 50, 100, 200 2
500 pg/mL A2 A 51.12, 55.15, 61.75 L 62.73%2] A=
REES Hof oehE AP tiv] YA 35 535 B9
t}. £5], Z& A2 5XolA EPF A2 PF AedEtt 4
fHoR w2 AE P2 YUt S, HepG2 Al
oA oetg Ao o3 | Akst AEFHA ZAA ROS
N8%E B71et A2KFig. 2B), e A2 A 2
(100.00%) ThH] 137.30%2 9-9]x 02 =7}st Hhd, PFY] 50,
100, 200 & 500 pg/mL A2 FoAE Z7F 118.33%, 114.49%,
110.56% 2 109.47%% ROS AJ4do] 7rAste] oete 2z
el f-9JAQl AA| &g Hehf it ESF EPF= 50, 100,
200 @ 500 pg/mL AFZNA ZH 115.09%, 111.96%,
106.22% 9 105.80%= ROS AJAlo] ZAdlgon, RE g
SZo)A PF AE tfH] 22 ROS B4 =5& Hof A4
o7 43t ASt AEH A A 83E YRR

oferE Ao oJg] S713t A& W ROSE ARt AEHAS
Sdsto] 7HAIE A1 WH5H] T =2 2 (Contreras-Zentella
S, 2022; Gjorgjieva 5, 2019), o]& AL 4= U= FA4tst
2A9] glo] Fasirt. 7Ho] AR €2 protocatechuic
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Fig. 2. Effect of aqueous extracts of persimmon flesh (PF) and enzyme-treated persimmon flesh (EPF) on cell viability (A) and
intracellular reactive oxygen species (ROS) production (B) in ethanol-induced HepG2 cells. All values are mean + SD (n = 5). Different
superscript letters (*®¥) on the bars indicate significant differences at p < 0.05 by Duncan’s multiple range test.

acid, gallic acid 5 H|&=AHF9} catechin, epicatechind} -2
ZELo|ERE H|FESlY, vitamin C, 7FEE|LO] TR (B-
cryptoxanthin, lycopene, B-carotene, lutein, zeaxanthin) 3
proanthocyanidins®]] 28] 7]915}l= AoR HIE ol 9t}
(Yaqub 5, 2016). £3] protocatechuic acid= gallic acid,
caffeic acid, vanillic acid, syringic acid 53 7-2& 0.2 FAF
3} hydroxybenzoic acid A€ H&AtC.2, DPPH 9 ABTS &+
oz &7 &4, O 9 hydroxyl radical A&7 &4, &< o] &
Zdo)ld &A 5 thokst in vinro FAYEF B4 BE 9JEA
Ql ikt B/ Uil 208 H ¥ 1th(Kakkar®} Bais,
2014). o]t APAT AE 1T uf, 2 Aol IH
gt F= ASl AEHA A AL BT Byt 7
of et H=4 SR AR A8} Elo] Q= Aow
TotESh A7A 02, EPF= offghZol 9o fE Alst AE
g2 2ol HepG2 Al2] BEEZ 3|5AI7]3L ROS A/

2 Aoz Pitet Bl IHE He adiE Yo,
ol & & FEEC] ¥4I T &Y S IR 75

A

oL
b

=

Az &8E & AE 7HsAE AR
3.4. HepG2 ME L} XEFX L Gx i}

HepG2 NJE U AHsl AEFHA I X B35 53 H7}oA
PF tH] EPF7} A2 og 2535t A& =& 3|2 % ROS
oAl avE yed Z3E EYE, o€l o8 frH
HepG2 AX Y A&%2 JA| &3h= EPFE o=z 7}
Y7ot chFig. 3). AZ W A4 %2 Oil Red O GO
2 gagt &, du|gE oldsto] A (10x)2 HEA=
(20x)2 ZF 200x vj&o A TAet ATKFig. 3A), B4 2T
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)

e ofjgh2 A2|Zol A At P/l S7teto] Ax Uf A1E
40| fed Aoz gRlEirt. v, EPFS} o2 B8
25t Fof A= e A2t tin] A= FAo] Fashe
A3 Bt} Oil Red O YA AL 100% isopropanol 2 &5
AlA 500 nmof|A FFEE S75te] A 9 s A
2Rt A3k(Fig. 3B), A HERT(100.00%) THH] gk ]
oA AAZH $220] 120.60%E §8 07 =75k
HFH EPF 100 pg/mL AZ A= 114.57%2 Ta AFS
UERHR1CH, 200 2 300 pg/mL A2t A= 242 108.74%
2 95.02%% AZ Y AEHA 30| 5E EHORE Fa
SHAT. 53], 200 % 300 pg/mL Ao A-HH FE2
4 dET FoAQ1 AolE HYehfiA] ghol, EPF7} ot
of o F=¥ HepG2 AlZ Ul AEH22 JAFo=H, 4]
AS5H T A &4 S3to] 71008 7hsdS AlAbekgitt.
&) =3t thabe ZAIZE W $9F 2849 NADH
Fresto] A4 pASHS AASHAL, SAlo 44
SAGO RN THAE Y AFSAS S7H7 A
] QIthGao%} Bataller, 2011). 3tH, Kang 5(2022)

Apolz GEE AL Bhos Bo] 7 B 23
Fo] A] 7F 23] | AMP-activated protein kinase (AMPK)2]
ClAkSl7F folAog ZF7lstal, peroxisome proliferator-
activated receptor gamma (PPARy) @ fatty acid synthase
(FAS) 'I&o] Zasste] 7k Uf A|d S2o] JA =SS il
SHRH. AMPKE= Al Y ouA] S 2485t d4 Ql
AZA, Bshd B A4 p-AREE X5k d=
Ao zHA TF 24 W A giAE AAsks ZoR dBA
AtH(Lee &, 2023). o]2|3t APATE 1T o, & A9
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Fig. 3. Effect of aqueous extract of enzyme-treated persimmon flesh (EPF) on lipid accumulation (A) and intracellular lipid content
(B) in ethanol-induced HepG2 cells. All values are mean + SD (n = 5). Different superscript letters (““) on the bars indicate significant

differences at p < 0.05 by Duncan’s multiple range test.

A SelE EPFS] A1 4 o4 A3k AMPK 24319} 2
© AY o 28 A2t 4B 54 glov, ol e
27149l 713 @771 BRY Ao weeEr:

3.5, 54 OfElZ RE OI2A DEN 85 2572 2
OHIEZot0/E 52 F&

ALDH 84 ®7} 475 2A% & 35 7|5t & &5
(PF 4 EPF)Z FH Ala& 443 &, g4 ogE f& v
2 2o FF 47 L Y oM ELH3I0|E FE HSE 3
7hotoltt. 53 oA 552 AT Aol 25% olgh&(5 gikg
of body weight)& &3] 47 Folgt F, @3 ¢S 9 ofAl
EYslolt EEE 0, 30, 60, 90 & 12050 2435} 0H,

A AIR= Fig. 40 AABHAH. 8 ¢2E 5EE 4T
AI}(Fig. 4A), ol Fo] T, 02 Al-oA Az 3t o4

]l Zol= ERIEA] Rt SHAIRE, ofgkE Fof &, 302 A
oM B4 i, ol T, PF100 3 EPF100 092

738

4% 478 5= 247 40.90, 7831, 69.28 X 65.43 pg/mL
2 UeRH os o 2, 608 AlA = B dERT,
ogtE Foi, PF100 ¥ EPF100 £ol9] B8F 47 & 5%
7} Z¥z} 39.66, 93.62, 74.72 W 67.55 png/mLE UFERGOH,
ofghE Fof T, 908 AlFA = B dxRE, olgtE FoL,
PF100 ¥ EPF100 £o]#9] €% 47 57t 217 39.92,
78.92, 67.97 2 61.43 pg/mLE LT E3H ofetL =of
T, 1208 A-AA B dix, e Foii, PF100 ¥
EPF100 FojF9 % 43 & Ll 717 4045, 61.28,
51.02 9 46.62 pg/mLE UEINTH ZHH 08 ofghE Fof &
60 Ao EF et w27t 7P =4 SHESIeH,
PF100 ¥ EPF100 oo A& &0z Itask= A& &
QI5HITE. &3], EPF100 FofitoflA] PF100 Fo|HE Tt -9
Ao & ety 7t Hasly] AlZsleit) ol A7l TE
A5 4IE T s AFHOE v|wsh| o ATt &
Al o}l WA 7k (area under the curve, AUC) A1} X5t
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Fig. 4. Effect of aqueous extracts of persimmon flesh (PF) and enzyme-treated persimmon flesh (EPF) on acute ethanol-induced mice.
(A), serum ethanol concentration; (B), area under the curve (AUC) of ethanol concentration; (C) serum acetaldehyde concentration; (D),
AUC of acetaldehyde concentration in mice with a single oral dose of ethanol. All values are mean = SD (n = 5). Different superscript
letters (*%) at the same time point or on the bars indicate significant differences at p < 0.05 by Duncan’s multiple range test.

S HYtk(Fig. 4B). 1 A3}, FAF t27(4,818.70 pg/mL x
min) ThH] oehE FoFL 9,003.93 pg/mL x minCE F-9]4
o8 Z7}5t ¥hd, PF100 @ EPF100 o2 7,721.63 p
g/mL x min 2 7,084.32 ug/mL x minC.Z et Foj o
H foHo s @2 £33 Yeolth. §3] EPF100 £
< PF100 Fo{HTh fo]8 02 He AUC gk eIt

ojojA] EF oM EYHsiolE sEE &P AiFig.
4C), oleZ o] &, 02 AlHolA A4 dR, oeE Fof
o, PF100 @ EPF100 F0j79] 3 ol EYHslolE 5%
= A8 7 FA Aol ERIEA] Qi ofjghE Fof
T, 308 AlHoA= B xR, oeE Foi, PF100 ¥

https://www.ekosfop.or.kr

EPF100 09| E5 o ELH|slo|= &7t ZH2f 12.33,
15.63, 14.34 2 13.97 pg/mLZ UE}SIT) O8RS Eo] 3 60
£ Ao AE B4 g2, ofehE Foid, PF100 2 EPF100
Eojio] = o EYTslolE Hwrt 247 15.29, 23.48,
20.08 9 16.25 pg/mLE YEFFOH, ok Fo] T, 90 4]
oAM= B4 dix<, olghE Foi<, PF100 9 EPF100 £
9] % o ELY|slo|E Bkt 22} 15.93, 43.00, 33.11
2 29.97 pg/mLE VEFRTE E3L ofghg Fol T, 1208 A
AolA 4 R, olgkZ Foi, PF100 ¥ EPF100 Foi<*
9] % o ELY|slo|E B 7zt 15.36, 51.48, 43.96 Y
36.20 pg/mLZ UERTE ofghe Fo] & 308 AJHof|A] ofg
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< T3 EF o EYTSolE FEe B4 R tiH
716t o, 60 AlH o] SR ZHEA F7Fste] 1204 Al
Mol 7H =A £74= 30t SHAEL, PF100 9 EPF100 5o
T2 oEET Foldt FET 5 o EYH|sio|lE skt
FolH o g Aottt 9, oekE Fof &, 120 Al A
PF100 Foit thH] EPF100 FojolAl @ ot Edtsto]
E 57t fYH o fasks AE IRlsknh 18, €%
O EYT|slo|E =9 AUCE AH&ESH A¥(Fig. 4D), A4
£4(1,716.08 pg/mL x min) ThH] ofghE Fol 3,396.34
ug/mL x minC.2 991202 =73t uhd, PF100 2 EPF100
EoL2 2,841.00 ug/mL x min ¥ 2,527.05 pg/mL x min©
2 ogkZ Foidt ffn] R o s Ee 322 Uil &
5| EPF100 Fo{&2 PF100 Foji diy] f-oj8oz 2
AUC 2 YEiSith o4e] A7E S35, PF 9 EPF=
T4 oS F= ReA BEoA EF EFE 9 oA EYT|
slo|E v E Wi AE UElow, £5] EPF= PFEL
A9t o g 945t AT A i BIE Bt ok 2
Aol Al= ALDH 84, HepG2 N E H5 a3 & J4 ofgt
< F% oA 2d Z9E P o= vefste] EPFE TH
ogtE - vheA B GrhE AR XF FE AR AF
Elri=g

Matsuzaki 5(2022) 7 @] 2 Ejuso] I3
Al £8 =4 FHEER] o EGH|slo| =8 A 2
o 11 %5 #AAI7|1, ot ELd|sto| 2o ofsf FiE
DNA &2 fod o= A gttty Hastqltt. oj=et 2
= 7 7 EenEe] ERE yA 1Y F AEE 54
AR GRS A3 = AUSE AlALSH, 7 FE2E9] 2
< tA A 2 &3 s o] digt 2AE Al
AollAs & I 718 & FE2(PF ¥ EPF) FojofA]
5 ¢3S 4 o ETSIo|E &7t HAshs Yol &
QI=[%loH, o]:= PF ¥ EPF7} ¥3& thA} oA B E
54 AR 4 gdlste o TS 7heAE AlAE
Qc} o, £ AFolA EF o ELTHSo|E sk ot
Fol & 1208 A7 S =S oH, ogts FoldoA=
1202 AIA7HA] A&EH 02 7ot AFE Btk ol #
A9l S FT= AlKo] o ELTstolE HE9] X
Tg57] Aol 7Hsde AlARRtTE wets EF oA EY
bistolE 59| AUCE AMET Aik(Fig. 4D)= 0-1208 =
g 1 W =E2S WHYsts A EE dj4E oo} 51, EPF
Fojo] WE o EdTsio|E F e A AIE Y]
B7kst7lel= A7 Ak

=

=

dr Kl 2 & AP o

Ml

36 P OIES R DFRA SO FE s 2 My
2t 5% Haf

oShe Mo W2 uReo] A|F st ATk Fig. SAC]

740

AABIATE 05 22 27] AFS LE ATTolA] Bt 1929 g
FE0F I 7 F9HRI Ao|E HolA] gkttt 8577 Ay
TR T, ogrE FoFY S 23.14 g0 & FHHRTY
25.71 goll vlaf FoH oz @A Yepgon, ol= T ofgt
< AF7 A9 AF F7ME AAISHAES AIARRI BHE,
EPF100 2 EPF200 E0j79] A% 2 7H7+ 23.86 g I 24.43
gO & ogkg FojZo] Hlg| FH O R =A YEH, EPF &
o7} T ofehE AHE Qs AT TVt Aote U Aot
£ 202 FRIF ). 87719 ofjghE FJFH o WE whe-A
A 7+ 5% &3 Z3+= Fig. 5Bo| AAskA ojgtE £
9] Al 7F FEE 4.06%2 AT RT3.59%)0] HIs] -2
Aoz F7ketgl o, ol v ogtE A7t AT dibl 1t
T 578 FEol9a= AlARITE BHE, EPF100 2 EPF200
B0 7k} 3.77% D 3.64%E oghS Fojto] Hls) X
Ao 7t %S UERol, EPF £o97t oehEE R A
2t FF VM gslele bl 7191 & USRIk
AESEY AF, 7 FA € Agl digt 7 FF ve
AIEA 7 &4 LdoA A 544 E 7 HY o RS gt
ot 712 A RHE AHETH(Lee 5, 2020). & A-ollA 857F
oferS-S AFHTE ofehE T2 FATRT vlF] AFo]
FOHOoR T A 7t FFo] FoF o FIIsHH oA, o
£ 657719 gk HFH el 9ol A% A%t A iyl 7+ S
7P FEE AT Bust A9 Aot Akt S B
THJeong 5, 2025). Thih, 2 AFoAE 7F 229 245
A& S3otA] oot EPFY| 7t BS IS FHISH S50
A AFHoZ FRlokA] BotPong, FF H&E M 55
7|eto g §F 2Ag ety BrkE Sofl EPFY 7 HS 83
FHEH oA Boh AdotA ST Eavt

=

3.7, BHY OEtE RE OpRA
845 A/

4 ok uRx meo|A EPFE PF FolZ tju] 3%
MELHTOIE FES YL R FAAYIE LIS et
Yol, EPFE HF T3 A2 A4S o2 sigos v
g o HAZ SEE 09 ndo] 877t o % AR
g Soj3 7, @YoIA Wl B Aoletd A ES 259
o, 7 A3= Table 20] AJAI5FC}. AST, ALT & ALP &
< ST 4y, A dRTolA 22 42.00 UL, 28.43
UL 9 257.83 ULLE vebon], ofehe SololAlt 242
66.71 U/L, 45.14 U/L 9 308.86 U/LE 9% o0& Z7}5}%
ot EPF100 BEojoA+= 22t 4586 U/L, 29.71 U/L 4
267.14 ULE ek} ofghe ol ool §.9450% Fast
Gk, E3 ASTSF ALT THS A4tz $A%0E §
of3k Ao| g Ho|x] YSkort, ALP THE A 22 £
O3t Aol 5 H Itk ®FH EPF200 Fo|o|A= AST, ALT

Lo 205 B Yt

|

ox |o
oft
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Fig. 5. Effect of aqueous extract of enzyme-treated persimmon flesh (EPF) on body weight change and relative liver weight in chronic
ethanol-induced mice. (A), body weight change; (B), liver weight. All values are mean = SD (n = 7). Different superscript letters (%)
at the same time point or on the bars indicate significant differences at p < 0.05 by Duncan’s multiple range test.

Table 2. Effect of aqueous extract of enzyme-treated persimmon flesh (EPF) on aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and gamma-glutamyl transferase (GGT) in the serum of ethanol-induced mice

Group” AST (U/L) ALT (U/L) ALP(U/L) GGT (U/L)
NC 42.00 + 2247 28.43 + 0.79 257.83 + 15.61° 1.00 + 0.00°
Ethanol 66.71 = 1631° 45.14 + 13.99° 308.86 + 26.39° 1.22 + 0.44°
EPF100 45.86 + 5.24° 29.71 + 2.87° 267.14 + 14.24° 122 + 0.67°
EPF200 4043 + 1.51° 2429 + 3.45 255.29 + 7.06° 1.11 + 0.33°

YNC, normal control group (drinking water); Ethanol, ethanol group (25% ethanol 5 g/kg of body weight); EPF100, EPF100 group (EPF 100 mg/kg
of body weight + 25% ethanol 5 g/kg of body weight); EPF200, EPF200 group (EPF 200 mg/kg of body weight + 25% ethanol 5 g/kg of body

weight).
DAl values are mean £ SD (n = 7).

Means with different superscript letters (*°) in the same column are significantly different at p < 0.05 by Duncan’s multiple range test.

2 ALP 4Jo] ZF7} 40.43 U/L, 24.29 U/L 9 255.29 U/LZ
Ueht B4 dixtat BAF o R §95k AjolE Kol kgt
o} 3t 8% 3 GGT 842 L& AYE I BAZCE &
OJgh 2pol& UERfA] Q29T o= C57BL/6 WR-A HEofAf
8F719] THY olgtE Fof 7ol GGT 84L& Fo9o= W
S A=) =4 &4 E= GGT 84 58 F89] #
HolA] AokS 7HsA3E AlARRITE

He N £43o] FAA R MNP eE 7] TA o
A W Sl T ot 27] Hdo] of2] &7]oH
(Battle, 2025), olo] wtet & AYspehd A= IS4 71H
o] A 9 o 9 X5 53HE wekols b 483 A
851 th(Battle, 2025). THIAQ F3E HFHE= 1A
£ Alzdt B3k S7ME foto], 1420l 2 £
= ASTe} 7h& ZJIRE of 8] 240 Bxst= ALPY B35 &

=

Hﬂlﬁm

https://www.ekosfop.or.kr

oz oA QthKim £, 2016). E3+ <&
b9 9E GAS FAstel ALP X 4%
Fr, GGTE 7F 9 Wt AP 420 2A1sHe T4
2o 4011 fEso] 8% BY 3718 ekt Aoz
59 tH(Kim, 2009). 0|3t ATH= EPF/} ofgheg 9%

H AE & 9 EEA 7T ol gefstel €284
&40 tigk 7+ B3 axel 7|0 TS AlARIT

3.8 PHY WElE R OfRL Z20jA 0/E=E2/0F 2
=z =i 22l

ofere HFHg SrH 7 &4 o)A EPF 4437} n|EZ
E&jot 715 wAl= 03’%2 W7kt A3k Fig. 60l AlAs
Atk ofeA 7+ 22 Qo) n|EZT oA Al5tE AEF)

AR O

A
S22 W] 9ol ROS AL ST AakFig 6A), et

&) o

-
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& A G 2(100.00%) THHE] 148.78%2 3-9]7 .0
9ict. vhd, EPFE A1%/3t EPF100 @ EPF200 £0]
ZolAE 22 11337% 2 114.28%9] ROS A4 538 Lhe}
ol ofehE Folt ] F-oJH 0 ZAskgint. ol=et A
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E] 67.03% foHoR ZhAstolct. v, EPFE A%
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Fig. 6. Effect of aqueous extract of enzyme-treated persimmon flesh extract (EPF) on hepatic mitochondrial function in chronic
ethanol-induced mice. (A), mitochondrial reactive oxygen species (ROS) production; (B), mitochondrial membrane potential; (C),
mitochondrial ATP content in liver tissues. All values are mean + SD (n = 5). Different superscript letters (*%) on the bars indicate

significant differences at p < 0.05 by Duncan’s multiple range test.

742

https://doi.org/10.11002/fsp.2026.33.4.729



Food Sci. Preserv., 33(4) (2026)

MMP &5 YEHHlo] ofehZ Fol ] foj2o g F7lst
k. ol2igt A= EPF AF7} ofgtZo] olsf Aste e
cejot BAAE HBAA el )5 0] Floi
% 9o AT vheA 7 24 g9 ulEREeololA
ATP A4S 243 AlFig 6C), Z4 HRILLS 36.35
nM/mg of protein® = UEHE HHH, ek FojFofA=
20.11 nM/mg of protein® & oA o7 7FA4AsIct HIH,
EPFE A5t EPF100 ¥ 200 EojdoA= 22 2323 €
30.20 nM/mg of protein® & WER} oS Foi- tH] ATP
Aol ol og F7tsteitt ol Aite EPF HF7T
gk o A5He mEZE o] ofjtA] HiAF 752 3
HAIA ATP B4 55 A3k H 7102 4 a2 Al
Ay,

YFZ HAte] S7l= ADHO} ALDHO| 93] @49l
NAD 7} 232 NADHZ Agk=]HA] 71 U] NADH/NAD' H]
29] A28 23K Zakhari, 2006). FE5H ¥ NADH
= nEZEC o} ARAE A (complexes 1 & Mo AAE 3
o FFstel HPY JeE WS olo] wet A o) 5
7FebaA BERFAIATE O 2 EEl0] ROS XS AT}
(Zakhari, 2006). Yoo 5{2019)2 7} oehe 2ZEo] ABE &
T QIR uhe-A mEoA nEZE 2o} ‘41 ROSE &4

Al7]3L, MMP B ATP 52 3BAIA tEZEE o} 752
WAL BArstgint. 3L, Kang 5(2022)9] o] mh=
BAPA|2 FEH thos BEON 7 & 238 2o} 7
ZZ] Y ROS B2 JAItL MMPS}F ATP %“‘éé Fefmst
A 2770 RH ot AIE FAstelee BsoT
olelet M AFEL 7 97 222l TR Be) Aeld
ZZ0)A B EZEor A FAol 71T 7]~—"é% AJAL
g} 2 AtollA e EPFO] At A o]2gt APt
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U AFS HoloH, ol Almd iE Edvs € H=

ARl 22 AL Eo] EFE thAk ZHYolA TestA A
JE= ROSE A2 nEZT ot 21o] ASHA &4
< dstotal AAAGA 7152 FASte] ATP R3S A3t
o A¥= sjAE 4 Stk ok & AFoAE IC-1 724 Al
590/530 nm red/green fluorescence ratioS AF&dk= thAl 590
nm T 139 red fluorescence intensity?HS =73} tH=
HHEZA SHA7 k. wEtA FF red/green fluorescence
ratio 7]8+9] ratiometric 2412 £ Ho} AUSHA A2 o

27t At

P

3.9, 4Py BH £4

EPF oEAlo[E 292 v A 4

lstar At s HPLC wA —1%
+ Fig. 70 AA[SIA. HPLC #42 254 nm 3o A&
= UV-Vis A" EZY FZEZO retention time2 7|0 &
£ o2 HAIsjeltt. EPF opiEAN]Y BaZo] Jzu}
B protocatechuic acid EEEA Y} v|wst 23, g
HFEFEAT} UV-Vis AHEZ Y retention time®] YX|5h= 5
2 137} EQ1E 0w, o]E protocatechuic acidZ HHs}]
Ak BAS 3519 th HPLC E4] 23}, 254 nm TF0)A]

guol sy SEEe

Sgsison, 1 gt

15.48%50] &9 peak+ protocatechuic acid HFE2 9] peak
(154889} Y1901, similarity= 998.142 LFERITHFig.

7A). 0|5 53 EPF ofN|EALY E3Eof A protocatechuic
acid’} AEEES F9I519 1, AT l‘%—@' A1}, protocatechuic
acid®] &2 EPF oMA|EA|E BEE 7]% 600 pg/g dry
weight2 ZHRIE|It}HFig. 7B).

Protocatechuic acid= benzoic acid S-E4|0f &3= JHA
o] HEALO R 3,4-dihydroxybenzoic acid -5 7IAH, F
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Fig. 7. High-performance liquid chromatography (HPLC) profiling of the ethyl acetate fraction of the aqueous extract of enzyme-treated
persimmon flesh (EPF). HPLC chromatogram of EPF ethyl acetate fraction (A) and protocatechuic acid (B) at 254 nm.
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Mo} HE/d stol=s47]of s AR H 4 AlF 5ol
Ssto] et Bvd 47 E4& YeEbdti(Zhang 5, 2021).
A3 Ao W= protocatechuic acide AR AEHAS
Sb ohFst k-2 HElof A ROS AJAdS A5k, superoxide
dismutase (SOD), CAT, glutathione peroxidase (GPx) 52
FAS} G4 BAS Z7HA)7|= Y, xanthine oxidase (XOD)
9 NADPH oxidase (NOX) €43} malondialdehyde (MDA)
& AAAA FARE oA AE Aelete AR HilE
%] 0. ™(Zhang 5, 2021), £3] ehrlich ascites carcinoma ©]4]
ok A oA protocatechuic acid 0]+ nuclear factor
erythroid 2-related factor 2 (Nrf2) & FHA9] heme
oxygenase-1 (HO-1), glutamate-cysteine ligase catalytic subunit
(GCLC), glutamate-cysteine ligase modifier subunit (GCLM)
9] &3 3} NAD(P)H:quinone oxidoreductase 1 (NQO1) &4
= S7HIA AU FAtel oA AE Edstel= R B
| 3ithBovilla 5, 2021). E3t lipopolysaccharide (LPS)& At
5} AEHAE G2 kA REAEZ CAT 47} total
antioxidant capacityS Z7FA|7]1 Nrf2 @ NQO1 ¥ 3
EAA 22 Y Al £448 Astols 202 UEITth(Salama
5, 2023). 0|23t Z3}+= protocatechuic acid”} Nrf2 7]l &+
ARSE A AE S0 EH A1SF AEFAS ARA0R
A3t 5 32 AARRETE S, T R AR HleA AR
ZA30] Tt AYAFo| AL protocatechuic acid’} GAF Cig
columng ©]-§3t HPLC £45 53 &<l € AFE 2=
Hugth(Lee &, 2012). 37 AFolies HREE=ET9
retention time ¥]1 ¥ AFAHL 7jHto g 9Z9] H&AlR

729 FHEIIRE B8 9 A5} 91, protocatechuic acid
o] g2 2.01-5.65 mg/kg M= A= rh(Lee 5, 2012).
ojgfgt APAT A= & AFolA EPF ofA|EAME Y
£-9] HPLC #4]2 &3] protocatechuic acid7} EHo1% ZAx}e}
dAIsh, 4 I [ Al=ollA sfig AEA HeiRTt 35
qoz $ugg AL ool TS FU W, EPF of
M EAE 2&Eof| A E2lH protocatechuic acide= EPF 7
A FE2E0A TEE A &4 E 7 HS g 4F 7]
oA 7hsAdol k. ok, & A9 &5 B7H= EPF A4
FEES CE SYEHUC DR, EPF o EAE £9&
of|A] &2l% protocatechuic acid®] ZFHZ Q] 7]ojx o} HIl&
W et AEEd v 24 121 ah Aol iE AR
273 Hsjel @A Aol IS HEs| st fIshA
= Y5 ultra-performance liquid chromatography-quadrupole
time-of-flight tandem mass spectrometry (UPLC-Q-TOF-
MS/MS) 78] 37} $400] ag Aoz pet. T,
& AFo)A EPF= PFOl| H3| HepG2 Al 3 B3}, ofgh
= ROS A4 Al d F4 oletE & el KA 4
oz 53 avs YESIth o]=et Alol= aa A7

744

o WE W=y SRl 824 37 EE A Ay g
24 Mo BUHSLE 7Rl Yonl, P PRS} EPF 7
U Y BAS Fo /102 S Bast gk

4. Q9

2 AFollAe o 35 4 o] B 2E5E 9 54 A
2ZE(PF, EPF, PP U EPP)oJA] A|Zo] atAks} shAdz} k3
< At T 84 G in vino $RO|A B, 018 E
2 TH ARE A3 T, HepG2 A|EE o|-8stof Ash A
Ed A 94 2 AF=H 4 ans d5etdch 13 34

W ohy olete 9% nl9s meS Agso] 43 A4 w3
o 7+ o a9E FFHoz HrlotAdtt. A& 7t in vitro
ALDH 24 | 23}, &3 3y {8 FE5EHT 35 /3
FEEA AFCE =2 E4o] Qo] o]F T& AR
489l TR AR AP, A4E TR BUL gos
S AlE AYoA, & 52 EETE F53 PFEY 34 A
23t EPF7} oet2 2 e A AEH A 2794 HepG2
AEe) H2ES 90 32A|T ROS A4S A
Ao, A JEZE F=d AZ Y Ad 585 5% 9
EH02 BAAZ ofge, B4 e F= B9 wdo]
A EPF Sol2:2 PF %ol oél €% 932 9 o=
Sto|E FEE AaA7lE S Hol AU g2 A 7iA
7FedE AlAekith BHY ot AF WA R =
EPF Fojo] wa} @4 AST, ALT W ALP A7} fold 0w
AgEigon, 7+ 24 8 slEREeolold ROS B4 74
o} 374 MMPY] 35 9 ATP 4% 5717F &2l=lo], EPF
YA} ofereo] 8| Aste nERCeol S-S ATAC
& Hosta fAgE 16ttt WA R, EPF ethyl
acetate ©-2E0] B B4 A1} protocatechuic acid”} HPLC
£ B0l SIS of2fet Ak 2 AtolA] T ARt
24, g3 AR 2 2 7 B 5t sled SRbE
o] 23t 2480l 7|1 TF54S ST T, B vk
a4 AY FEENA vEA 48 58 oA e
%% 7t B A og %8718 0] 27k Wast
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